Abstract: In this contribution we evaluate various feature extractors for the detection of rigid particels in urine sediment phase-contrast micrographs. Therefore, we select one subset of features from each extractor. We use features discribing the image content with the aid of histograms, moments, local spatial gray value distribution, spectral energies and multiresolution features.
Introduction
The examination of the urinary sediment is a common part in medical laboratories to support diagnosis of renal, bladdar and urinary tract deseases. The sediments can contain a wide variety of rigid particles like erythrocytes, leukocytes, epithelial cells and various types of casts and crystals with highly diverse optical appaerances and assorted sizes. Thus, the detection and segmentation of the ingredients remains a challanging problems, in particular, when non-rigid particles like threads of mucus are contained. Even manual examination of urine sediments suffers from only fair to moderate agreement between different observers [1] . To improve reliablity and rubustness of cell detection and segmentation, we develop a sliding window based method using textural features to detect rigid particles. Therefore, we have evalutated features regarding their detection performance of rigid particles in phase-contrast micrographs of urine sediments.
Methods
We propose the detection of the foreground, basically the rigid particles, with textural features on tiles of the urinary sediment micrographs as illustrated in Fig. 1 . The used set of texture features can be categorized into five groups due to their mathematics or behavior. The first group contains features describing the intensity distribution with histograms in RGB or HSV color spaces. The RGB extractor (RGB) calculates histograms for each RGB channel and uses every value as a single feature resulting in total of 768 features. The Color Histogram extractor (CH) transforms the input color image into a gray value image and to a hue image, calculates histograms of both resulting images and combines four histogram bins into one feature. The second group uses statistical moments for representation of the gray value distribution. The central moments Detailed information about all feature extractors can be found in the work of Rodenacker et al. [2] or Elter [3] . To handle the different number of features in the various extractors, the best subset with at maximum 10 members is determined for the detection of rigid particles in phasecontrast microgaphs. For all selection steps, we apply the genetic algorithm with population size of 40 individuals over 50 generations. The replacement probability is chosen to be 0.9, the mutation to 0.1 and crossover to 0.9. The 9 nearest neigbors are considered in the K-nearest neighbor algorithm with the L2-norm. The optimization createria is accuracy and validated with image-based 10-fold cross validation.
Results
The feature selections are applied to a set of 253 images from 29 different sediments. The images are subdevided in tiles of sizes 64 x 64 px 2 and 128 x 128 px 2 and categorized into three classes. The class foreground contains the tiles which show rigid particles such as erythrocytes, leukocytes, casts and crystals. The second class accumulates all tiles with mucus and without rigid particles and is named mucus. The background class contains all other tiles. Detailed numbers of tiles were outlined in table 2. In the case of 64 x 64 px 2 tiles only one third of the tiles is used due to computational time limitations. Two problems are considered to discriminate between the foreground and background. First, we distinguish between three classes listed in Table 2 . Furthermore, we consider to combine the classes background and mucus and dinstinguish only between tiles with rigid particles and the combined class. The results listed in Table 1 show that the differentiation between foreground and the combined class works better for all feature extractors and both tile sizes. The accuracy lies between 85 and 91 percent except poor results for the Zernike moments and spectral energies. The 64 x 64 px 2 tiles experiments with the combined class show similar performances compared to experiments with the 128 x 128 px 2 tiles. Greater differences are observed between the two sizes when also the mucus class shall be recognized.
Discussion
The experiments show promising results for further experiments. As proposed in [3] , the extractors could be combined into groups to increase detection performance. Therefore the selection of the tile size stays a crucial parameter because the size must be large enough that the features are found but also small enough that not the whole image is regarded as foreground. Furthermore the results can be used in a subsequent segementation step. The algorithm can incorporate priorly acquired knowlege into the segmentation method and increase segmetentation perfermance.
